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Abstract. This study compared the efficiency of a five-day or standard (nine-day) progesterone-based regimen combined 
with equine chorionic gonadotrophin (eCG) in a fixed-time AI (FTAI) protocol for dairy cows. The data examined were 
derived from 3577 inseminations conducted in three dairy herds. Animals with no estrus signs detected over 21 days were 
randomly assigned to a PRID-9 or PRID-5 group. Cows in each group received a progesterone intravaginal device (PRJD) for 
9 or 5 days, respectively, PGF 2a and eCG on PRID removal, and GnRH 48 h later. Fixed-time AI was performed 12 h after the 
GnRH dose. Cows artificially inseminated following spontaneous estrus during the study period were considered as controls. 
Based on the odds ratio, the likelihoods of animals in PRID-9 in the warm (conception rate [CR] of 22.3%) and cool (32% 
CR) periods, and control animals in the warm period (26.6% CR) becoming pregnant were reduced (by factors of 0.6, 0.3 
and 0.4, respectively) compared with the control animals in the cool period (CR of 43.7%). The risk of a twin pregnancy was 
higher (51.4%) for cystic PRID-9 cows (by a factor of 3.6) and lower (9.9%) for cyclic PRID-5 animals (by a factor of 0.4) 
compared with the PRID-9 cyclic cows. These findings indicate that the proposed protocol achieves similar results during the 
cool or warm season to those obtained when AI is conducted at spontaneous estrus during the cool season. In addition, PRID-5 
reduced twin pregnancy compared with PRID-9. 
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In dairy herds worldwide, annual milk production per cow has 
increased due to improvements in management practices, genetics 
and nutrition. Unfortunately, in parallel with the increase in milk 
production, there is a rising trend in infertility and reproductive 
disorders [1,2]. The explanation for this impairment in reproductive 
performance is thought to be related to an observed increase in 
the anestrus postpartum period [3] rather than the increase in milk 
production [4]. In effect, over the past few years the postpartum 
anovulatory period at the start of the voluntary waiting period has 
been getting longer [2, 3, 5]. 

Many estrous synchronization protocols have been tested to reduce 
management tasks and increase economic income. In high-producing 
dairy herds, these protocols should be efficient in all cows, including 
anestrous animals, allow for fixed-time AI (FTAI) and reduce the 
number of days open (short synchronization protocols). 

Intravaginal progesterone-based protocols seem to be effective 
both in cyclic animals and in cows with cystic ovarian follicles 
(COF) or anovulatory follicles [6-10]. However, oocyte quality 
related to the use of 12-d progesterone-based protocols has been 
found to be poor [11], and several modifications to these protocols 
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exist, including reduction of the number of days of progesterone 
treatment and the introduction on different days of gonadotrophin 
releasing hormone (GnRH), equine chorionic gonadotrophin (eCG) 
and prostaglandin F 2a [10, 12]. Short progesterone-based protocols 
(5 days) for fixed- time AI showed acceptable results [13]. Recently, 
eCG proved effective at the end of a 9 d-progesterone treatment in 
long-standing non-cycling cows [14], but it seemed not to increase 
reproductive performance in cyclic animals. We hypothesized that a 
short progesterone-based protocol of five days plus eCG should be 
as efficient as the standard one of nine days plus eCG. Therefore, 
the present study was designed to compare the efficiency of a short 
(five-day) and standard (nine-day) progesterone-based regimen 
combined with eCG and GnRH in a fixed-time AI (FTAI) protocol 
during the cool and warm seasons in terms of their effects on the 
conception rate in high-producing dairy cows. Cows inseminated 
at spontaneous estrus during the study period were considered the 
control group. Due to the fact that eCG treatment can increase the 
risk of twin pregnancy [15], a second objective of the present study 
was to evaluate the effect of the proposed protocols on the twin 
pregnancy rate. Factors such as herd, parity and reproductive status 
were also included in the analyses. 

Material and Methods 

Cattle and herd management 

The data for this study were obtained from a reproductive control 
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program conducted by the University of Lleida on three well-managed, 
high-producing Holstein-Friesian dairy herds in northeastern Spain. 
The data were derived from 3577 inseminations performed over the 
period January 20 1 1 to May 20 1 2. Briefly, management was the same 
in the three herds and included the following common features: the 
use of pedometers, housing in free stalls with concrete slatted floors 
and cubicles, the use of fans and water sprinklers in the warm season, 
rigorous postpartum checks, the same reproductive health program 
and most AIs (over 90%) conducted by veterinarians. 

The mean annual culling rate was 30%. Mean annual milk produc- 
tion for the herds over the study period was 10,590 kg. The cows were 
grouped according to age (primiparous versus multiparous), milked 
three times daily and fed complete rations. Feeds consisted of cotton 
seed hulls, barley, corn, soybean, and bran, along with roughage, 
primarily corn, barley or alfalfa silage and alfalfa hay. Rations were 
in line with National Research Council recommendations [16]. The 
voluntary waiting period was 70 days. 

In the geographical area of the study, there are only two clearly 
differentiated weather periods: the warm (May to September) and 
cool (October to April) periods [17]. During the study period, the 
mean number of days per month that the maximum temperature was 
higher than 25 C ranged from 24 to 3 1 days and from 0 to 6 days, for 
the warm and cool periods, respectively. Reproductive variables are 
generally significantly impaired during the warm period [2, 17, 18]. 

Experimental design 

Only cows that did not have any disease until randomization, and 
cows inseminated in estrus that had no disease until bred and a body 
condition score between 2.5 and 3.5 were included in the study. In the 
final study population, there were 3577 AIs in 1056 cows, so some 
cows were inseminated several times and included in different groups. 
Control cows were all cows that were artificially inseminated (AI) 
following spontaneous estrus (n=2045 AI) during the study period. 
Cows with no estrus signs detected over 21 days entered a weekly 
reproductive program and were randomly assigned to a PRID-9 
(n=812) orPRID-5 (n=720) group. Due to management policy, a ratio 
of 2/1 (PRID-9/PRID-5) was established in Herd 3 during the warm 
season. Cows in PRID-9 were fitted with a progesterone releasing 
intravaginal device (PRID, containing 1 .55 g of progesterone; CEVA 
Salud Animal, Barcelona, Spain). The PRID was left for 9 d, and 
these animals were also given prostaglandin F 2a (25 mg Dinoprost 
i.m.; Enzaprost, CEVA Sante Animale, Libourne, France), and 
eCG (500 IU i.m.; Syncostim, CEVA Sante Animale) upon PRID 
removal [14]. Forty-eight hours later, cows received GnRH (100 jig 
i.m.; Cystoreline, CEVA Sante Animale) and fixed-time AI (FTAI) 
was performed using semen of proven fertility 12 h after the GnRH 
dose. Cows in the PRID-5 group were treated similarly with the only 
difference being that the progesterone device was left in place for 
5 days instead of 9 days. Ovarian structures were assessed on the 
day of treatment by ultrasonography (anovulatory follicle, cystic 
ovarian follicle or corpus luteum). We used the information from the 
reproductive check the week before treatment to diagnose anovulatory 
follicles at the time of treatment, and cows were considered to suffer 
follicular anovulation when a follicular structure of at least 8-15 mm 
was detected in two consecutive examinations seven days apart in the 
absence of a corpus luteum or cystic ovarian follicle, and no oestrus 



signs were noted during the 7-day period between the exams [9]. 
A cystic ovarian follicle was diagnosed when a follicular structure 
larger than 20 mm in diameter (external diameter including the wall) 
was detected in either or both ovaries in the absence of a corpus 
luteum and uterine tone [19]. Since persistency is a characteristic 
of ovarian cysts [19, 20], cystic ovarian follicles were manually 
ruptured at diagnosis just before treatment [9, 21]. 

Insemination and pregnancy diagnosis 

Only cows showing estrus signs were inseminated (control animals). 
Estrus was detected using a pedometer system (AfiFarm System; 
SAE Afikim). Walking activity values were recorded at the milking 
parlor (three times daily) and analyzed automatically using a herd 
management computer program. A walking activity greater than 
80% of the mean activity recorded in the preceding 2 d was taken 
as the lower limit for a cow to be considered in estrus. Since these 
herds have been noted to show a very significant relation between 
increased walking activity and fertility provided walking activity is 
increased by 80% to 993% [22], values lower than 80% were not 
considered as estrus signs. Also, individual information concerning 
prior estrus detection was taken into account. For example, if a 
cow showed a 120% increase in activity but showed an increase of 
around 400% in its last two estrus periods, the cow was explored 
for possible reasons other than estrus such as acute lameness or 
change of location. Cows that exhibited estrus within a 12-d interval 
were also not considered and were recorded as cows with possible 
reproductive disorders for inclusion in the next weekly gynecological 
exam program. Cows considered to be in estrus based on increasing 
walking activity were finally inseminated after estrus was confirmed 
by examination of the genital tract and vaginal fluid [23, 24]. A 
cow was considered ready for service when a corpus luteum was 
manually orultrasonographically estimated to be either less than 10 
mm or nondetectable, the largest follicle showed some fluctuation 
upon slight pressure and had an estimated diameter of 12 to 25 
mm, the uterus was highly turgid and contractile to the touch and 
vaginal discharges were copious, fluid, and transparent [25, 26]. If 
cows returned to estrus, their status was confirmed by examination 
per rectum, and the animals were recorded as nonpregnant. In the 
remaining cows, pregnancy diagnosis was performed by ultrasound 
28-34 d post-insemination. Cows diagnosed as not pregnant were 
returned to the weekly reproductive program. Pregnancy was confirmed 
by ultrasonography at 60-66 d post-insemination. 

Data collection and analysis 

The following data were recorded for each animal: herd, parity 
(primiparous versus multiparous), ovarian structures upon treatment 
determined by ultrasonography (anovulatory follicle, cyst or corpus 
luteum), treatment (Control, PRID-9, PRID-5), season of insemination 
(cool-October to April-versus warm-May to September), milk 
production (mean production in the three days before treatment) and 
days in milk upon treatment, previous AI number, AI date, semen 
providing bull, AI technician, pregnancy diagnosis (PD) 28-34 d 
subsequent to treatment and twin pregnancy (single versus twin/ 
multiple). 

Two binary logistic regression models were constructed for all 
inseminations. The dependent variables considered in these two 
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models, respectively, were PD and twin pregnancy, and the independent 
variables were the factors cited above. In treated animals, one single 
further binary logistic regression analysis was performed with twin 
pregnancy as the dependent variable, but included ovarian structures 
upon treatment. Insemination was the experimental unit of the 
analyses, and the variable cow was treated as a repeated measure. 

Regression analysis was conducted according to the method of 
Hosmer and Lemeshow [27] using the logistic procedure implemented 
in the SPSS Statistics for Windows Version 18.0 (SPSS, Chicago, 
IL, USA). Basically, this method involves five steps as follows: (i) 
preliminary screening of all variables for univariate associations, 
(ii) construction of a full model using all the variables found to 
be significant in the univariate analysis, (iii) stepwise removal 
of nonsignificant variables from the full model and comparison 
of the reduced model with the previous model for model fit and 
confounding, (iv) detection of plausible two-way interactions among 
variables and (v) assessment of model fit using Hosmer-Lemeshow 
statistics. Variables with univariate associations showing a P<0.25 
were included in the initial model. We continued modeling until all 
the main effects or interaction terms were significant according to 
the Wald statistic at P<0.05. Significance was set at P<0.05. 

Results 

Mean values for milk production, lactation number and previous 



insemination number for the study period were 45.6 ± 5 kg, 2.4 ± 
1.4 and 2.9 ± 2, respectively (mean ± SD). The mean days in milk 
for control and treated cows at AI were 150 ± 128 and 158 ± 150 
days, respectively. The mean conception rate was 37.6, with a twin 
pregnancy rate of 18.2% for the study period (17.5% and 19.2% for 
control and treated cows, respectively). 

All animals 

Based on the odds ratio, the likelihood of pregnancy was higher 
in herd 3 (1.3-fold) compared with the remaining herds and lower 
in multiparous cows (0.7- fold) compared with primiparous animals. 
The interaction of treatment by season of AI was also found to be 
significant. This meant that animals in PRID-9 in both seasons, 
and control animals in the warm season were less likely to become 
pregnant compared with control cows inseminated during the cool 
season (by factors of 0.6, 0.3 and 0.4, respectively) (Table 1). No 
further significant interactions were found. 

No significant effects were found of any of the variables examined 
on the twin pregnancy rate in cows diagnosed pregnant. 

Treated animals 

Based on the odds ratio, the risk of twin pregnancy was higher 
in cystic cows in PRID-9 (by a factor of 3.6) and lower in cyclic 
animals in PRID-5 (by a factor of 0.4) compared with the PRID-9 
cyclic animals (Table 2). 



Table 1. Odds ratios and variables included in the final logistic regression model for conception in response to first 
insemination after treatment 



Factor 


Class 


n 


Conception 
rate % 


Odds ratio 


95% Confidence 
interval 


P 


Herd 


1 


490/1370 


35.8 


Reference 








2 


133/359 


37.0 


0.9 


0.7-1.2 


0.3 




3 


721/1848 


39.0 


1.3 


1.1-1.6 


<0.001 


Treatment x season 


Control x cool 


715/1635 


43.7 


Reference 






interaction 


Control x warm 


109/410 


26.6 


0.4 


0.3-0.5 


<0.001 




PRID-9 x cool 


161/503 


32.0 


0.6 


0.5-0.7 


<0.001 




PRID-9 x warm 


69/309 


22.3 


0.3 


0.2-0.4 


<0.001 




PRID-5 x cool 


238/600 


39.7 


0.9 


0.8-1.1 


0.09 




PRID-5 x warm 


52/120 


43.3 


1.2 


0.6-2.6 


0.5 


Parity 


Primiparous 


455/1081 


42.1 


Reference 








Multiparous 


889/2496 


35.6 


0.7 


0.6-0.8 


<0.001 



R 2 Nagelkerke=0.15. 



Table 2. Odds ratios and variables included in the final logistic regression model for twin pregnancy in response to 
first insemination after treatment (only treated animals included) 



Factor 


Class 


n 


Twinning 
rate % 


Odds ratio 


95% Confidence 
interval 


P 


Treatment x ovary 


PRID-9 x cyclic 


25/115 


21.7 


Reference 






structure interaction 


PRID-9 x follicle* 


10/79 


12.7 


0.5 


0.3-1.1 


0.7 




PRID-9 x COF** 


18/35 


51.4 


3.6 


1.7-8.5 


0.01 




PRID-5 x cyclic 


18/181 


9.9 


0.4 


0.3-0.9 


0.03 




PRID-5 x follicle* 


19/115 


16.5 


1.4 


0.4-1.9 


0.5 




PRID-5 x COF** 


10/46 


21.7 


0.2 


0.5-3.2 


0.5 


R 2 Nagelkerke=0.12. 


* Follicle: anovulatory follicle. ** 


COF: cystic 


ovarian follicle. 
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Discussion 

To the best of our knowledge, no synchronization protocol for 
timed AI has yet proven effective in improving fertility over that 
observed after spontaneous estrus, especially during periods of heat 
stress. The protocol proposed here, a 5-day progesterone plus eCG 
-based regimen, achieves similar results during the cool or warm 
season to those obtained when AI is conducted at spontaneous estrus 
during the cool season. Moreover, this protocol reduced the twinning 
rate in cyclic animals compared with the 9-day regimen (PRID-9). 

The impact of heat stress on the reproductive performance of dairy 
cows has been extensively reviewed [2, 28, 29]. Due to global warming 
[30], this problem is no longer restricted to tropical regions and is 
set to have a much greater impact on the worldwide farm economy. 
Strategies to combat it, such as use of fans and sprinklers, are in 
widespread use on well-managed high-producing dairy farms, but 
the effects of heat stress are still felt during autumn [31]. The results 
presented here raise the question of why a 5-day progesterone-based 
protocol rather than a 9-day progesterone-based protocol was useful 
during warm/hot months to obtain a conception rate similar to that in 
spontaneously bred cows during cool months. This improvement in 
fertility due to the 5 -day progesterone-based protocol has two possible 
explanations. Firstly, high temperatures have been related to oocyte 
aging [32]. It seems reasonable to think that regardless of whether the 
lifespan of a follicular wave is shortened in short protocols, oocyte 
quality has less time to be affected by heat stress. Secondly, heat 
stress impairs dramatically ovarian function [2, 28]. The negative 
effect of heat stress on endogenous progesterone has been extensively 
reported [28] . Although the warm season decreases circulating levels 
of this hormone, it is logical to think that intravaginal progesterone 
devices will enhance reproductive performance of dairy cows. The 
next question is why a 5-day progesterone-based protocol is better 
than a 9-day progesterone-based protocol? 

It is well-established that following progesterone administration, 
acyclic animals increase the release of luteinizing hormone (LH) 
from the anterior pituitary, with the consequence of development 
of a follicular wave and increasing peripheral concentrations of 
oestradiol [33]. However, although progesterone treatment induces 
estrus in a herd, it reduces fertility in response to synchronized 
estrus [34, 35]. In addition, long conventional treatments (>12 
days) enhance the estrous response but decrease pregnancy rates 
[36-39]. Hence, this could mean that fertility is not compromised 
when the duration of ovulatory follicle dominance is limited to 4 
days [40]. The reduced fertility observed for long protocols is not 
attributable to lack of ovulation or subsequent luteal function. In 
progesterone-treated animals, the dominant follicle grows to a larger 
preovulatory size than normal follicles (12.8, 17.3 and 20.8 mm in 
diameter for control cows and cows treated for 6 days or 9 days 
with progesterone implants, respectively) [40], and higher plasma 
estradiol concentrations are produced [41]. This extended growth 
phase leads to a higher proportion of persistent follicles entering the 
plateau/regression stage. The persistence of a dominant follicle could 
predispose it to becoming cystic [42]. Thus, it is likely that these 
undesirable effects are avoided in a 5-day protocol better than in a 
9-day protocol. This rationale may also explain why our 9-day protocol 
led to a higher twinning rate in cows with cystic ovarian disease. 



Multiple pregnancies are undesirable in dairy herds because there 
is a greater risk of pregnancy loss [43, 44], peripartum diseases 
and culling [45-47]. Synchronization protocols have been recently 
linked to twin pregnancies in dairy cattle [15]. In the latter study, 
more twin pregnancies were recorded in cows fitted with a 9-day 
progesterone-releasing intravaginal device and given eCG 28 days 
before the AI that resulted in pregnancy and in cows with a COF 
diagnosed in the 1 4 days prior to AI receiving prostaglandin treatment 
than in cows subjected to a 5-day progesterone protocol even if these 
cows had a COF. These results partly agree with those of a recent 
study [48] in which the treatment with prostaglandin PGF 2a plus 
eCG and GnRH 48 h later followed by FTAI in dairy cows with 
silent ovulation (cows with a mature corpus luteum and no signs of 
estrus detected in the preceding 21 days) reduced the twin pregnancy 
rate in multiparous cows. Follicular dynamics in short protocols 
needs to be better understood if we are to reduce the twinning rate 
in high-producing dairy herds. 

In conclusion, fixed-time AI after a 5-day progesterone-based 
synchronized ovulation protocol combined with eCG resulted in 
similar fertility in high-producing dairy cows during the cool or 
warm season when compared to animals inseminated at spontaneous 
estrus during the cool season. Moreover, when used in cyclic animals, 
the protocol proposed reduced the twinning rate compared with a 
similar 9-day protocol. 
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